Background and Purpose-The role of physical activity, especially that of occupational and commuting physical activity, in the prediction of stroke risk is not properly established. We assessed the relationship of different types of physical activity with total and type-specific stroke risk. Methods-We prospectively followed 47 721 Finnish subjects 25 to 64 years of age without a history of coronary heart disease, stroke, or cancer at baseline. Hazard ratios (HRs) for incident stroke were estimated for different levels of leisure time, occupational, and commuting physical activity. Results-During a mean follow-up of 19.0 years, 2863 incident stroke events were ascertained. The multivariate-adjusted (age, sex, area, study year, body mass index, systolic blood pressure, cholesterol, education, smoking, alcohol consumption, diabetes, and other 2 types of physical activity) HRs associated with low, moderate, and high leisure time physical activity were 1.00, 0.86, and 0.74 (P trend Ͻ0.001) for total stroke, 1.00, 0.87, and 0.46 (P trend ϭ0.011) for subarachnoid hemorrhage, 1.00, 0.77, and 0.63 (P trend ϭ0.024) for intracerebral hemorrhage, and 1.00, 0.87, and 0.80 (P trend ϭ0.001) for ischemic stroke, respectively. The multivariate-adjusted HRs associated with none, 1 to 29, and Ն30 minutes of active commuting were 1.00, 0.92, and 0.89 (P trend ϭ0.043) for total stroke, and 1.00, 0.93, and 0.86 (P trend ϭ0.028) for ischemic stroke, respectively. Occupational activity had a modest association with ischemic stroke in the multivariate analysis (P trend ϭ0.046). Conclusion-A high level of leisure time physical activity reduces the risk of all subtypes of stroke. Daily active commuting also reduces the risk of ischemic stroke.
T here is good evidence that regular physical activity reduces the risk for cardiovascular disease. 1 However, the protective effect of physical activity on stroke risk is less clear, and the results are inconsistent. Several studies have found an inverse association between regular physical activity and the risk of stroke, [2] [3] [4] [5] [6] [7] whereas others have indicated a U-shaped association or no association. 8 -12 In addition, it is not clear whether other types of physical activities, such as occupational and daily commuting physical activity on foot or by bicycle, are independently related to the risk of stroke. These studies have focused on total stroke risk, and few studies have assessed the association between physical activity and different subtypes of stroke. 3, 7, 11 A recent meta-analysis comprising 23 studies indicated that a high level of physical activity is associated with a reduced risk of total, ischemic, and hemorrhagic strokes. 13 The aim of this study is to assess whether leisure time, occupational, or commuting physical activity is independently associated with a reduced risk of total and different types of stroke.
Methods

Subjects
Between 1972 and 1997, every 5 years, 6 independent population surveys were performed in 5 geographic areas of Finland among the population 25 to 64 years of age. The sampling methods have been described previously in detail. 14 The total sample size of the 6 surveys was 52 058. The participation rate varied by year from 74% to 88%. 14 After excluding 2002 subjects with a history of coronary heart disease, stroke, or cancer at baseline, and 2335 with incomplete data on any required variables, the present analyses include 22 841 men and 24 880 women. These surveys were conducted according to the ethical rules of the National Public Health Institute, and the investigations were performed in accordance with the Declaration of Helsinki.
Baseline Measurements
A self-administered questionnaire was mailed to participants including questions about smoking, alcohol consumption, socioeconomic factors, medical history, and physical activity: leisure time, occupational, and commuting physical activity. Details have been presented previously, [15] [16] [17] [18] [19] [20] [21] [22] and these questions were similar to those used and validated in the Seven Countries Study. 23 In addition, physical activity has been successfully used previously, showing a high correlation with physical fitness, as measured by maximal oxygen uptake. 24 Self-reported leisure time physical activity was classified into 3 categories: (1) low (almost completely inactive, eg, reading, watching television, or doing some minor physical activity that was not of a moderate or high level), (2) moderate (some physical activity for Ͼ4 hours per week, eg, walking, cycling, light gardening, but excluding travel to work), and (3) high (vigorous physical activity for Ͼ3 hours per week, eg, running, jogging, swimming, heavy gardening, or regular exercise or competitive sports several times per week). Occupational physical activity was classified as: (1) light (physically very easy, sitting office work, eg, secretary), (2) moderate (standing and walking, eg, store assistant, light industrial worker), and (3) active (walking and lifting, or heavy manual labor, eg, industrial or farm work). The daily commuting return journey was categorized into 3 categories: (1) using motorized transportation or no work (0 minutes of walking or cycling), (2) walking or bicycling 1 to 29 minutes, and (3) walking or bicycling for Ն30 minutes. Measurements of height, weight, systolic blood pressure (SBP), and serum total cholesterol were made at baseline examination using a standardized protocol. 14 
Prospective Follow-Up
The study cohorts were followed until the end of 2003 through computerized register linkage by identification numbers. Mortality data were obtained from Statistics Finland and data on nonfatal events from the National Hospital Discharge Register. The Eighth, Ninth, and Tenth Revisions of the International Classification of Diseases (ICD) were used to identify subarachnoid hemorrhage (430 and I60), intracerebral hemorrhage (431 and I61-I62), intracerebral infarction (432 to 438 and I63-I66), and any stroke (430 to 438 and I60-I66) events. ICD-9 code 432 was classified as an intracerebral hemorrhage. Stroke events that occurred before the baseline survey were identified from the Hospital Discharge Register and excluded from the analyses. The validity of the diagnosis of acute stroke in Finland is good for hospital discharge register (agreement in 90%) and death register (agreement in 97%). 25 End points during follow-up were incident stroke events, defined as either the first nonfatal stroke event or stroke death without a preceding nonfatal event. Altogether, we identified cerebrovascular 2863 events (260 subarachnoid hemorrhage, 339 intracerebral hemorrhage, and 2264 ischemic) during a mean follow-up of 19.0 years.
Statistical Analyses
Independent samples t tests and 2 tests were used to compare the mean levels of continuous variables and the prevalence of categorical variables between subjects with and without incident stroke. We assessed correlations of any 2 types of physical activity through partial correlation coefficients and estimated the association of physical activity with stroke risk by Cox proportional hazard models. Physical activity categories were included in the models as dummy and categorical variables, and the significance of the trend over different categories of physical activity was tested in the same models by giving an ordinal numeric value for each dummy variable. The proportional hazards assumption in the Cox model was assessed with graphical methods and with models including time-by-covariate interactions (time-dependent, all types of physical activity). 26 In general, all proportionality assumptions were appropriate across different types of stroke with different types of physical activity. The analyses were first performed adjusting for age, area, and study year, and further for education (tertiles), body mass index (BMI), SBP, total cholesterol, smoking (never, past, and current), alcohol consumption (yes/no), history of diabetes (yes/no), and the other 2 types of physical activity. Because the interactions between sex and each type of physical activity on stroke risk were not statistically significant, data for men and women were combined in some analyses.
Results
General characteristics of the study population at baseline are presented in Table 1 . Age-, sex-, area-, and study yearadjusted correlations were 0.19 for occupational and commuting physical activity (PϽ0.001), Ϫ0.03 for occupational and leisure time physical activity (PϽ0.001), and 0.07 for commuting and leisure time physical activity (PϽ0.001).
Leisure Time Physical Activity and the Risk of Stroke
Age-, area-, and study year-adjusted hazard ratios (HRs) of stroke incidence associated with low, moderate, and high leisure time physical activity were 1.00, 0.80, and 0.59 (P trend Ͻ0.001) in men, 1.00, 0.82, and 0.67 (P trend Ͻ0.001) in women, and 1.00, 0.81, and 0.62 (P trend Ͻ0.001) in men and women combined (adjusted also for sex), respectively ( Table  2) . Further adjustment for other risk factors (education, BMI, SBP, cholesterol, smoking, alcohol consumption, and diabetes) and even for occupational and commuting physical activity affected the results only slightly (all P trend Ͻ0.05).
Occupational Activity and the Risk of Stroke
There was a nonsignificant inverse association between occupational activity and the stroke risk in men and women. In both sexes combined, the inverse association was significant after adjustment for age, sex, area, study year, and other risk factors (the HRs associated with light, moderate, and active occupational activity were 1.00, 0.90, and 0.87, respectively; P trend ϭ0.007) but no longer after additional adjustment for leisure time and commuting physical activity (P trend ϭ0.060). When moderate and active occupational activity were combined, the HR at moderate/active occupational activity versus light occupational activity was 0.91 (95% CI, 0.84 to 0.99; Pϭ0.027) after adjustment for all confounding factors, including leisure time and commuting physical activity.
Commuting Physical Activity and the Risk of Stroke
Daily commuting physical activity on foot or by bicycle was modestly and inversely associated with the risk of stroke among men (P trend ϭ0.047) and women (P trend ϭ0.018) after adjustment for age, area, study year, and other risk factors. In both sexes combined, the inverse association remained modest after adjustment for sex, other risk factors, leisure time, and occupational physical activity (the HRs associated with none, 1 to 29, and Ն30 minutes of active commuting were 1.00, 0.92, and 0.89, respectively; P trend ϭ0.043).
All Three Types of Physical Activity and the Risk of Stroke
In the multivariate analyses, we estimated joint effects of all 3 types of physical activity on stroke risk (Table 3) . We dichotomized all 3 types of physical activity at low/light versus moderate to high/active levels for leisure time and occupational physical activity and for commuting physical activity (any versus none). Compared with the subjects who reported low levels of leisure time, occupational, and commuting physical activity, the participants who reported 2 or 3 types of moderate to high physical activity had a 21% to 31% decreased risk of stroke, and the participants who reported only 1 of 3 types of moderate to high physical activity had a 14% to 21% decreased risk of stroke.
Physical Activity and the Risk of Stroke Subtypes
After adjustment for age, sex, other risk factors, and occupational and commuting physical activity, the HRs associated with low, moderate, and high leisure time physical activity were 1.00, 0.87, and 0.46 (P trend ϭ0.011) for subarachnoid hemorrhage, 1.00, 0.77, and 0.63 (P trend ϭ0.024) for intrace-
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rebral hemorrhage, and 1.00, 0.87, and 0.80 (P trend ϭ0.001) for ischemic stroke, respectively (Table 4) . Modest associations between occupational activity and ischemic stroke (P trend ϭ0.046) and between commuting physical activity and ischemic stroke (P trend ϭ0.028) were found in the multivariate analyses. When we used nonfatal stroke events as outcome, these inverse associations between leisure time physical activity and each type of subarachnoid hemorrhagic, intracerebral hemorrhagic, and ischemic stroke, modest associations between occupational activity and ischemic stroke, and between commuting physical activity and ischemic stroke did not appreciably change (data not shown).
Discussion
A high level of leisure time physical activity reduced the risk for total and different subtypes of stroke incidence, including subarachnoid hemorrhagic, intracerebral hemorrhagic, and ischemic strokes. Moderate level of leisure time physical activity reduced the risk for intracerebral hemorrhagic and ischemic strokes. Daily commuting physical activity on foot or by bicycle reduced the risk of ischemic stroke. A simultaneous engagement in 2 or 3 types of physical activity showed a slightly stronger protective effect than having only 1 type of activity.
The findings from the previous prospective studies on the association between leisure time physical activity and stroke risk are inconsistent. Some studies, [2] [3] [4] [5] [6] [7] but not all, 9 -12 have indicated a significant inverse association between leisure time physical activity and stroke risk. Moreover, studies on women are sparse, 4 -7,12 and only 3 of them have found a significant inverse association between leisure time physical activity and stroke risk. [5] [6] [7] Small sample sizes and few stroke events, especially among women, may have contributed to the inconsistent observations. Our study with a large sample size and the largest number of stroke events during follow-up reported thus far provides strong evidence for the benefits of leisure time physical activity on the prevention of stroke in men and women. The incidence rates of total stroke were 3.56 per 1000 person years in men and 2.81 per 1000 person years in women in this population, which is higher than other populations. 7, 10 Only 2 studies have assessed the association between occupational activity and stroke risk, and no significant association was found. 8, 12 We showed that active occupational activity was modestly associated with a lower risk of total stroke incidence when both sexes were combined but neither in men nor in women separately. This indicates that the magnitude of the effect is not very large (Ϸ10%) and thus requires a large sample size like in our study to be detected. 
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Occupational physical activity also modestly reduced the risk of ischemic stroke when both sexes were combined. We found that daily commuting activity on foot or by bicycle may reduce total stroke risk. This is an important finding because daily active commuting is a major source of total physical activity in some populations, it can be implemented virtually everywhere, and is inexpensive. For instance, in urban China, Ͼ90% of people walk or cycle to work daily. 27 In our study, Ͼ40% of the Finnish subjects reported walking or cycling to work daily. Several studies have shown that regular active commuting is related to lower levels of cardiovascular risk factors 15, 28 and reduces mortality among diabetic patients. 18 Few studies have examined the association between physical activity and the risk of different subtypes of stroke, and the results are inconsistent. 3, 7, 11 In the Honolulu Study, 3 active men experienced a lower risk of subarachnoid hemorrhagic or intracerebral hemorrhagic stroke compared with inactive men, but no significant association of physical activity on thromboembolic stroke risk was found. In the Physicians' Health Study, 11 an inverse association of leisure time physical activity on hemorrhagic stroke risk disappeared after adjustment for other confounding factors, and no significant association with ischemic stroke was present. In the Nurses' Health Study, 7 regular leisure time physical activity was associated with a reduced risk of ischemic stroke only but not with subarachnoid hemorrhagic or intracerebral hemorrhagic stroke. These studies usually have a relatively small number of hemorrhagic stroke cases. The present study is, to our knowledge, the first that has found an inverse association of leisure time physical activity on the risk of each type of subarachnoid hemorrhage, intracerebral hemorrhage, and ischemic stroke. A recent meta-analysis comprising 6 ischemic and 3 hemorrhagic stroke studies indicated that highly active individuals had a reduced risk of ischemic and hemorrhagic strokes than low-active individuals, 13 in keeping with our results. However, it did not separately analyze subarachnoid hemorrhagic stroke and intracerebral hemorrhagic stroke. 13 Interestingly, only leisure time physical activity protected from subarachnoid hemorrhagic. Occupational activity often includes isotonic bouts of activity that are known to trigger the rupture of aneurysms and the onset of subarachnoid hemorrhagic stroke. The protective effect of physical activity may partly mediate through its effect on other risk factors of stroke. 29 Physical activity has a favorable effect on blood pressure, lipid profile, insulin sensitivity, body weight, blood coagulation, and fibrinolysis 10, 15, 17, 28, 30, 31 and also reduces the risk of hypertension and diabetes. 15, 17, 19 In our study, the inverse associations between physical activity and stroke risk remained significant also after controlling for the major cardiovascular risk factors.
There are several strengths and limitations in our study. Our study is population based, comprising a large number of men and women from a homogeneous population. The mean followup, 19.0 years, was long enough that the largest number of stroke events were ascertained without loss of follow-up. Not only leisure time physical activity but also occupational and commuting physical activities were included in the analysis. Moreover, the subtypes of stroke were also analyzed. A limitation of our study was the self-report of physical activity. Using a questionnaire to assess habitual physical activity is always crude and imprecise. We do not have data on possible changes in physical activity during follow-up. Misclassification, particularly over-reporting the amount of physical activity at baseline and changes in the activity during follow-up, probably lead to an underestimation of the association between physical activity and the outcome. We cannot completely exclude either the effects of residual confounding attributable to the measurement error in the assessment of confounding factors or some unmeasured dietary factors.
In conclusion, our study demonstrates that a higher level of leisure time physical activity reduces total and different subtypes of stroke risk. Commuting physical activity is inversely associated with ischemic stroke but not for subarachnoid and intracerebral hemorrhagic strokes.
